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Methanol caitionylailon pioceaa. 

@ An alcohol such aa methanol la reacted with carbon 
monoxMe in a Ik^Id reaction medium comafafiing a rhodium 
catalyst atablllzed with an Iodide aaft espeotally nthlum iodide, 
along with alkyt Iodide euch ea methyl bdlde and alkyl acetate 
su€h 88 methyl acetate In apacified proportions. With a fhnfte 
concentratlan of water In the reaotfon medium the product la 
the carfooxytrc add instead of, for exampTa, the anhydride. The 
present reaction system not only provkfea an add product of 
unusually low water content at unaxpeoteifly favorabte reac- 
tion rataa but also, whether the water content Is low or, aa In 
the cese of prfor-eit aoetio add techndogy, rdadvdy high, la 
oharaoterized by unexpectedly high catalyat ataUlty; ).e., it la 
reeletant to oatalyat precSprtatlon out of the reectfon medium. 
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The present Invention relates to a process for the 
production of a carboxylic acid by reacting an alcohol with 
carbon monoxide in a liquid reaction medium containing cer- 
tain particular adjuvants. 

Among currently employed processes for synthesizing 
acetic acid one of the most useful" commercially is the carbo- 
nylation of methanol with carbon monoxide as taught in U.S. 
Patent 3,769,329, The catalyst . comprises rhodium, either 
dissolved or otherwise dispersed in a liquid reaction medium 
or else supported on an inert solid, along with a halogen- 
containing catalyst promoter, for example methyl iodide. 
The rhodium can be introduced into the reaction system in 
any of many forms, and it is not necessary, if indeed it is 
possible, to identify the exact nature of the rhodium moiety 
within the active catalyst complex. Likewise, the nature pf 
the halide promoter is not critical. The patent discloses a 
very large number of suitable promoters, most of which are 
organic iodides. These compounds are employed as promoters, 
not stabilizers. Most typically and usefully, the reaction' ' 
is conducted with the catalyst dissloved in a liquid reaction 
medium through which carbon monoxide gas Is continuously 
bubbled. 

The above-mentioned patent teaches that the liquid 
reaction medium can be any solvent compatible with the cata- 
lyst system and that it may comprise, for example, the pure 
alcohol which is being reacted, or mixtures thereof with the 
desired carboxylic acid end product and/or esters of these 
two compounds. However, the patent teaches further that the 
preferred solvent and liquid reaction medium for the process 
is the desired carboxylic acid itself, i.e. acetic acid when 
methanol is being carbonylated to produce acetic acid. 

An important aspect of the teachings of the above-mentioned 
patent is that water should also be present in the reaction 
mixture in order to attain a satisfactorily high reaction rate. 



0161874 

- a - 

The patent exemplifies a large nvunber of reaction systems 
including a large number of applicable liquid reaction media. 
The general thrust of its teaching is, however, that a ' 
substantial quantity of water helps in attaining an adequately 
high reaction rate. The patent teaches furthermore that 
reducing the water content leads to the production of ester 
product as opposed to carboxylic acid. Considering speci- 
fically the carbonylatlon of methanol to acetic acid in a 
solvent comprising predominantly acetic acid and using the 
promoted catalyst taught by U.S. Patent 3,769,329, it is 
taught in European Patent Application 0055 618 that l^ically 
about 14-15 wtSfi water is present in the reaction medium of a 
typical acetic acid plant using this technology. It will be 
seen that in recovering acetic acid in anhydrous or nearly 
anhydrous form from such a reaction solvent, separating the 
acetic acid from this appreciable quantity of water. Involves 
substantial ej^enditure of energy in distillation and/or 
additional processing steps such as solvent extraction, as 
well as making it necesscucy to use relatively large process 
equipment as compared with that used in handling drier 
materials. Also HJortkJaer and Jensen ( Ind. Eng. Chem. .Prod. 
Res. Dev. 16,281-285 (1977) have shown that increasing the 
water from 0 to 14 wt* water increases the reaction rate of 
methanol carbonylatlon. Above 14 wt% water the reaction 
rate is unchanged. 

In addition, as will be further explained hereinbelow, 
the catalyst tends to precipitate out of the reaction 
medium as en?>loyed in the process of U.S. Patent 3,769,329, 
especially during the course of distillation operations to 
separate the product from the catalyst solution vflien the 
carbon monoxide content of the catalyst system is reduced 
(EP0055618). It has now been found that this tendency 
Increases as the water content of the reaction medium is 
decreased. Thus, although it might appear obvious to try 
to operate the process of U.S. Patent 3,769,329 at minimal 
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water concentration In order to reduce the cost of handling 

reaction product containing a substantial amount of water 

while still retaining enough water for adequate reaction 

rate, the requirement for appreciable water in order to 

naintain catalyst activity and stability works against this 
end. 

Other reaction systems are known in the art in which an 
alcohol such as methanol or an ether such as dimethyl ether 
can be carbonylated to an acid or ester derivative using 
special solvents such as aryl esters of the acid under sub- 
stantially anhydrous reabtion conditions. The product acid 
itself can be a component of the solvent system. Such a 
process is disclosed in U.S. Patent 4.212.989. the catalytic 
metal being a member of the group consisting of rhodiiim 
palladium, iridium; platinum, ruthemium. osmium, cobalt.iron. 
and nickel. A somewhat related patent in U.S. Patent 4.336 ' 
399. wherein a nickel-based catalyst system is employed. 
Considering U.S. Patent 4,212.989 in particular, the rele- 
vance to the present Invention is that the catalyst comprises 
both the catalytic metal, as exemplified by rhodium, along 
with what the patentees characterize as a promoter, such as 
the organic iodides employed in U.S. Patent 3,769,329 as well 
as what the patent characterises as an organic accelerating 
agent. The accelerating agents include a wide range of 
organic compounds of trivalent nitrogen, phosphorus, arsenic, 
and antimony. Sufficient accelerator is used to form a 
stoichiometric coordination compound with the catalytic 
metal. Where the solvent consists solely of acetic acid, or 
acetic acid mixed with the feedstock methanol, only the 
catalyst promoter is employed (without the accelerating 
agent), and complete yield data are not set forth, it is 
stated, however, that in this instance "large quantities" 
of water and hydrogen iodides were found in the product . 
which was contrary to the intention of the patentees. 
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European Published Patent Application No. 0 055 618 
discloses carbonylation of an alcohol using a catalyst 
comprising rhodium and an iodine or bromine component where- 
in precipitation of the catalyst during carbon monoxide- 
deficient conditions is alleviated by adding any of several 
named stabilizers. A substantial quantity of water » of the 
order of 14-15 wt*. is employed in the reaction medium. 
The stabilizers tested include simple iodide salts, but the 
more effective stabilizers appear to be any of several types 
of specially-selected organic compounds. There is no teach- 
ing that the concentrations of methyl acetate and iodide 
salts are significant parameters In affecting the rate of 
carbonylation of methanol to produce acetic acid especially 
at low water concentrations. When an iodide salt is used 
as the stabilizer, the amotmt used is relatively small and 
the indication is that the primary criterion in selecting . 
the concentration of iodide salt to be employed is the 
ratio of iodide to rhodium. That is, £P 0055618 teaches 
that it is generally preferred to have an excess of Iodine 
over the amount of iodine which is present as a ligand with 
the rhodium component of the catcQyst. Generally speaking 
the teaching of EP 0055618 appears to be that iodide ^ich 
is added as, for example, an iodide salt functions simply 
as a precursor component of the catalyst system. VRiere 
EP 0055618 adds hydrogen iodide, it is regarded as a pre- 
cursor of the promoter methyl iodide. There is no clear 
teaching that simple iodide ions as such are of any signifi- 
cance nor that it is desirable to have them present in sub- 
stantial excess to increase the rate of the reaction. As a 
matter of fact Eby and Singleton ( Applied Industrial Catalysis , 
Vol.1, 275-296(1983} from Monsanto (to whom EP 0055618 belongs) 
state that iodide salts of alkali metals are inactive as 
cocatalyst in the rhodium-catalyzed carbonylation of methanol. 

Carbonylation of esters, such as methyl acetate, or 
ethers, such as dimethyl ether, to form a carboxyllc acid 
anhydride such as acetic anhydride is disclosed in U.S. 
Patent 4,115,444 and in European Patent Application No. 
0,008,396. 
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In both cases the catalyst system comprises rhodium, 
an iodide, and a trivalent nitrogen or phosphorus compound. 
Acetic acid can be a component of the reaction solvent system p 
but It is not the reaction product. Minor amounts of water 
are indicated to be acceptable to the extent that water is 
found in the commercially-available forms of the reactants. 
However, essentially dry conditions are to be maintained in 
these reaction systems. 

U.S. Patent 4,374,070 teaches the preparation of acetic 
anhydride in a reaction medium (which is, of course anhydrous) 
by carbonylatlng methyl acetate In the presence of rhodium, 
lithiiam, and an iodide compound. The lithium can be added 
as lithium iodide. Aside from the fact that the reaction 
is a different one from that with which the present invention 
is concerned, there is jio teaching that It is important per 
se that the lithium be present in any particular form such 
as the iodide. There is no teaching that iodide ions as 
such are significant. 

In summary, current technology in the field of carbony- 
latlng an alcohol such as methanol to form a carbojcyllc acid 
such as acetic acid still lacks a simple method for main- 
taining a highly stable catalyst system and for attaining 
Industrially attractive conversion rates under conditions 
of low water content in the liquid reaction medium whereby 
the expense and capital investment costs of recovering the 
acid product with a very low water content can be minimized. 

a 

The present invention provides such a method. The 
present Invention provides a reaction system, by means of 
which an alcohol, as exemplified by methanol, can be carbo- 
nylated to a carboxylic acid derivative such as acetic acid 
vrhile using a liquid reaction medium having a lower water 
content than heretofore considered feasible. 

It provides a catalyst system which, regardless of the 
water content of the reaction medium, will be of improved 
stability, i.e. more resistant to precipitation of solid 
catalyst therefrom. It provides a catalyst system charac- 
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terized by a substantial reduction In the undesired forma- 
tion of by-product prlpionic acid, carbon dioxide » and 
hydrogen as compared with the high water systems used in, 
the prior art. 

Other advantages will be apparent from the following 
detailed description. 

Broadly I the Invention is an improvement in the prior- 
art rhodium-catalysed carbonylation of an alcohol to pro- 
duce the carboxylic acid having one carbon atom more than 
the alcohol. The invention is especially directed to pro- 
ducing acetic acid (HOAc) from methanol (MeOH). Present 
in the reaction medium are the ester of the alcohol being 
carbonylated with the acid product of the carbonylation 
reaction along with a halide derivative of the hydrocarbon 
corresponding to the alcohol, especially the iodide. Thus, 
in reaction systems herein methanol is being carbonylated 
to acetic acid, the ester is methyl acetate (HeQAc) and the 
halid is a methyl halide, especially methyl iodide (Mel). 
Rhodium is present in catalytic ally-effective . concentra- 
tion. 

The invention resides primarily in the discovery that 
catalyst stability and the productivity of the carbonylation 
reactor can be maintained at surprisingly high levels, even 
at very low water concentrations in the reaction medium 
(despite the general industrial practice of maintaining 
approximately 14 wtjt of 15 wt% water) as discussed in 
EP 0055618 by maintaining in the reaction medium, along 
with a catalytically-effectlve amount of rhodium, at least 
a finite concentration of water (which can, however, be 
unexpectedly low as Just explained) along with methyl 
acetate and methyl iodide when making acetic acid in 
specified proportions v^lle there is also maintained in 
the reaction medium a specified concentration of iodide 
ions. The iodide ion, ^Siich is over and above the iodide 
which is present as methyl iodide or other organic iodide, 
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Is present as a simple salt, with lithium iodide being 
preferred. However, any iodide salt which is soluble in 
the reaction medium in effective concentration at the 
reaction temperature can be employed. No special Uganda, 
for exanqjle, phosphines, are needed. 

Although the invention is broadly as Just described, 
its preferred embodiments lie also in the discovery that 
there is an interaction between the iodide salt and the 
ester, especially at low water concentrations. That is. 
optimal results are obtained when each of these named 
components is present in certain specified concentrations. 
Generally speaking, the iodide salt is employed in concen- 
trations which are higher than would be suggested by the 
known prior art as being needed. By using relatively high 
concentrations of the iodide salt and the methyl ester of 
the acid being synthesized, one obtains a surprising degree 
of catalyst stability and reactor productivity even when 
the liquid reaction medium contains water in concentrations 
as low as about 0.1 wtj«. so low that it can broadly be 
defined simply as "a finite concentration" of water. The 
known prior art would suggest that operation under such 
low-water conditions would result in little or no formation 
of acetic acid. Furthermore , it has now been found that the 
stability of the rhodium catalyst would be very poor.espec- 
ially during the product-recovei^ steps of the process 
wherein distillation for the purpose of recovering the 
acetic acid product tends to remove from the catalyst the 
carbon monoxide which, in the environment maintained in the 
reaction vessel itself, is a ligand with stabilizing affect 
on the rhodium • 

The process of the invention is applicable to the 
preparation of carboxylic acids such as can be prepared 
by the known processes involving reacting an alcohol with 
carbon monoxide In a liquid reaction medium. It is espec- 
ially applicable to the preparation of "lower" carboxylic 
acids (for example those containing an alkyl moiety of 1 to 
6 carbon atoms), and most especially to the preparation of 
acetic acid. - 
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Accordingly, the following description is directed to 
the carbonylatlon of methanol to produce acetic acid« How- 
ever, as previously explained, the technology is applicable 
to the carbonylatlon of higher homologues of methanol to 
^ form acids vdilch are the higher homologues of acetic acid. 

A reaction system which can be enQ>loyed, within which 
the present Improvement is used with no changes except for 
the adjustment of the composition of the liquid reaction 
medium which will be further explained below, comprises (a) 
a liquid-phase carbonylatlon reactor, (b) a so-called 
"flasher", and (c) a "methyl iodide-acetic acid splitter 
column". The carbonylatlon reactor is typiceJLly a stirred 
autoclave within which the reacting liqiiid contents are 
maintained automatically at a constant level. Into this 
reactor there are continuously introduced fresh methanol, 
sufficient water to maintain at least a finite concentra- 
tion of water in the reaction medium, recycled catalyst 
solution from the flasher base, and recycled methyl iodide 
and methyl acetate from the overhead of the methyl iodide- 
acetic acid splitter column. Alternate distillation systems 
can be employed so long as they provide means for recovering 
the crude acetic acid and recycling to the reactor catalyst 
solution, methyl iodide, and methyl acetate. Carbon monoxide 
is continuously introduced into the carbonylatlon reactor 
Just below the agitator which is used to stir the contents. 
The Cctrbon monoxide is, of course, thoroughly dispersed 
through the reacting liquid by this means. A gaseous purge 
stream is vented from the head of the reactor to prevent 
buildup of gaseous by-products and to maintain a set carbon 
monoxide partial pressure at a given total reactor pressure. 
The temperature of the reactor is controlled automatically, 
and the carbon monoxide is introduced at a rate sufficient 
to maintain a constant total reactor pressure. The carbon 
monoxide partial pressure in the reactor is typically about 
2 to 30 atmospheres absolute, preferably about 4 to 15 atmos- 
pheres absolute. Because of the partial pressure of by- 
products and the vapor pressuz^e of. the contained liquids, 
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the total reactor pressure is from about 15 to 45 atmospheres 
absolute, with the reaction temperature being approximately 
150 to 250<'C. Preferably, the reactor temperature is about 
180 to 220«C. 

5 

Liquid product is drawn off from the carbonylatlon 
reactor at a rate sufficient to maintain a constant level 
therein and is Introduced to the flasher at a point inter- 
mediate between the top and bottom thereof. In the flasher » 
the catalyst solution Is withdrawn as a base stream (pre- 
dominantly acetic acid containing the rhodium and the iodide 
salt along with lesser quantities of methyl acetate, methyl 
iodide, and water), while the overhead of the . 
flasher comprises largely the product acetic acid along with 
methyl iodide, methyl acetate, and water. A portion of the 
carbon monoxide along with gaseous by-products such as methane, 
hydrogen, and carbon dioxide exits the top of the flasher. 
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The product acetic acid drawn from the base of the methyl 
iodide-acetic acid splitter column (it can also be withdrawn 
20 as a side stream near the beise) is then drawn off for final 
purification as desired by methods which are obvious to those 
skilled in the art and which are outside the scope of the 
present invention. The overhead from the methyl iodide- 

t 

acetic acid splitter, comprising mainly methyl iodide and 
methyl acetate, is recycled to the carbonylatlon reactor 

25 

along the fresh methyl iodide, the fresh methyl iodide being 
introduced at a rate sufficient to maintain in the carbony- 
latlon reactor the desired concentration of methyl iodide in 
the liquid reaction medium. The fresh methyl iodide is 
30 needed to compensate for losses in the flasher and carbony- 
latlon reactor vent streams. 

The primary reaction control method comprises continu- 
ally analyzing the liquid contents of the reactor as well as 
the carbon monoxide content of the gas in the reactor head 
35 space and, on the basis of these analyses, controlling the 
flow of carbon monoxide, water, methanol, and methyl iodide 
to maintain the specified reaction medium composition. 
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It should be further explained that the methanol addition 
to the carbonylation reactor is based not on an analysis 
of its contents for methanol but, rather » on analysis for 
methyl acetate content. Most of the methanol Is converted 
almost immediately to methyl acetate when it enters the 
carbonylation reactor. 

There are two criteria vrtiich need to be satisfied to 
maintain optimal performance of the system Just described. 
This is over and above the maintenance of a stable catalyst 
system from ^ich the rhodium catalyst does not precipitate 
during the course of the flasher operation. (As previously 
explained, this is a problem recognised by the prior art 
although the prior art has not employed the presently- 
described means for addressing it.) First, It is desired 
to maintain a high productivity in the carbonylation reactor 
itself, as measured by the quantity of acetic acid formed, 
per unit time per unit volume or weight of liquid reaction 
medium contained in the reactor. This might be termed 
"reactor productivity" or "reactor space-time yield". Here 
again the art as it presently exists recognizes the need to 
maintain reactor productivity although it has not taught 
the presently-described methods for attaining this end. 

Second, the present process improvement contemplates 
the mainenance of optimal productivity, as measured by the 
ultimately-recovered concentrated acetic acid in the com- 
bined system including both the carbonylation reactor and 
the product recovery system. Although the details of the 
product recovery system, including the methyl iodide-acetic 
acid splitter or its equivalent, are not directly relevant 
to the present disclosure, it will be recognized by anyone 
skilled in the art that water is an undesirable component 
of the crude acetic acid and that the more water there is 
in this stream the greater will be the operating costs and 
required capital investment in the product recovery-purifi- 
cation system. Thus, there is also a "system productivity" 
to be considered in addition to the "reaction productivity". 
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with the "system productivity" depending upon the degree to 
which water is kept out of the residue of the methyl iodide 
-acetic acid splitter column. The dryer this stream is, 
the higher will be the over-all system productivity so long 
as reaction productivity is maintained. 

The present process improvement ia directed at main- 
taining both an optimal reactor productivity and also an 
optimal over-all system productivity. Fundamentally, the 
current state of the art seems to be resigned to accepting 
a relatively high water content in the liquid reaction 
medium with a resulting imdesirably high water content In 
the crude acetic acid initially recovered from the reaction 
and primary product recovery system as Just described. 

As previously explained, the rate of the carbor^latlon 
reaction according to the present state of the art has been 
highly dependent on water concentration in the reaction 
medium as taught by U.S. 3,769,329; EP9055618; and HJort- 
kjaer and Jensen (1977). That is, as the water concentra- 
tion is reduced below about 14-15 wt?6 water, the rate of 
reaction declines. The catalyst also becomes more suscep- 
tible to inactlvatlon and precipitation when it is present 
In process streams of low carbon monoxide partial pressures. 
It has now been discovered, however, that increased acetic 
acid-production capacity can be achieved at water concen- 
trations below about 14 wt* (at water contents above about 
14 vt%, the reaction rate Is not particularly dependent on 
water concentration) by utilizing a synergism which exists 
between methyl acetate and the iodide salt as exemplified 
by lithium iodide especially at low water concentrations. 
This effect is illustrated In Table I below, which summarises 
the results of five pilot plant rims in which the contents 
of the reaction medliim were varied as shown with the 
reactor space-time yield which was attained being the cri- 
terion for measuring efficacy of the catalysts system which 
was used, in each case the space-time yleld(STY) as listed 
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is expressed In gram-moles of acetic acid produced per 
hour per liter of reaction medliam contained in the carbony- 
lation reactor, the volume of reaction medium being taken 
at ambient temperature and in the xmaerated state. The 
pilot plant was operated in the manner previously described 
— that ls» there was a stirred autoclave followed by two 
product recovery system distillation steps, and the process 
control scheme was as described also hereinabove. The 
reactor temperature in all cases was between about 190* C 
and 195 •C, Total reactor pressure was e^proximately 28 
atmosphere absolute, with the carbon monoxide partial 
pressure being approximately 8-12 atmospheres absolute. In 
each case the balance of the liquid reaction medium, not 
specifically listed in the table, was acetic acid. Minor 
quantities of other components were present, of course. 
Because the reaction rate is directly proportional to the ' 
rhodium concentration, and to facilitate the comparison of 
the different runs, the STY in the runs discussed herein- 
below has been normalized to 400 ppm rhodium unless other- 
wise indicated explicitly. 
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of 4 wt%, an Increase In both Xithiuro iodide and methyl 
acetate brought the STY up to 15.8, essentially the sane STY 
as £or Run (a) in which a high water content was esqployed. 
The conclusion from the foregoing comparative experi- 
5 nents is that under low water concentrations methyl acetate 
and lithium iodide act as rate promoters only when relatively 
high concentrations of each of these components are present 
and that the promotion is higher when both of these compo- 
nents are present simultaneously. This has not been 

10 recognized in the prior art. It will be seen also that the 
concentration of lithium iodide was quite high as conpared 
with vhat little prior art there is dealing with the use of 
halide salts in reaction systems of this sort. 

It has now also been discovered that in runs involving. 

15 methyl acetate concentration greater than about 2 wt%r 

lithium iodide is necessary not only to increase the reaction 
rate but also to stabilize the rhodium catalyst due to the 
deleterious effect of high methyl acetate concentrations on 
its stability, even at high water concentrations. For 

20 example, in experimentation carried out at 200 *C with 14 wt% 
water in the reaction medium along with IS wt% methyl iodide 
and no lithium iodide and using 320-240 ppm of rhodium as the 
catalyst, the rhodium precipitation loss was found to be 
about 12 ppm of rhodium concentration per hour at an average 

25 concentration of 2 wt% methyl acetate in the reaction mediisn 
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6SNERAL CONDITIONS 



RBKaSNIS 



BLgh Water 
No Lll 

low MeOte 



An (b) 
low Water 
Loir Lil 

lowMeOte 



Rm (c) 
low Water 
R>~ Lil 
High HeOft: 



Rm (d) 
low Water 
Ogh Lil 

low Heo;ie 



Rn (e) 
low water 
Bigh Lll 
High HeOte 



Wbter, wtS 
HbOAc, wtft 
UI, wtl 
9l, pp 
HbI, wtl 



14 

1 
0 

400 

14 

16.9 



4 

1-1^ 



400 

13-15 
5.2 



4 
4 

0 

400 

14 

10.4 



4 
1 

20 
400 
14 
11.0 



4 
4 

20 
400 

13.5 
15.8 
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Prom inspection of the foregoing tabulation It will be seen 
that Hun (a), with a high water content typical of the prior' 
art, baa an ST3f of 16.9. In Hun (b), with water content reduced 
to 4 wt» with ..ethyl acetate being slightly increased but with the 
other components beina essentially unchanged, an STY of only 5.2 
was obtained, in Hun (c) with low water, no lithium iodide, 
elevated methyl acetate, and unchanged methyl iodide, the STY was 
only 10.4. in Run (d), increasing the lithium iodide content 
with the water being still at the low level of 4 wt% brought the 
STY up to a level higher than that obtained in Run (b). in Run 
(e), with the water still being at the relatively low level 
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whereas, with other reaction components being substantially 
unchanged, the rhodium loss was 1.3 ppn per hour or lower 
when the methyl acetate content was only about 1 wt». This 
exemplifies again that the reaction-accelerating effect of 
5 methyl acetate is best realised in conjunction with a rela^ 
tively high concentration of iodide salt. Ibis has not been 
recognised in the prior art* 

■ 

Some runs were made in which the reaction was carried 
out In a batch autoclave instead of the continuously- 

10 operating pilot plant reaction system as described above. In 
these runs an autoclave of suitably corrosion-resistant metal 
was charged with rhodium- triiodide {typically between 200 and 
500 ppn rhodium content in the resulting mixture), 14 to 19 
wt% methyl iodide, water in the concentration that was to be 

15 tested, variable amounts of the stabiliser which was to be 
tested, 15 ml of methanol, and 40 to 60 grams of acetic acid, 
tte autoclave was sealed, pressured to approximately 28.2 
atmospheres absolute of carbon monoxide partial pressure and 
pressure checked at 25-C. After this the autoclave was 
20 slowly vented of its carbon monoxide content and then flushed 
two tines with 4.4 atmospheres absolute of carbon monoxide. 
The autoclave was then pressured to 11.2 atmospheres absolute 
with carbon monoxide and heated to 185'C to 190*C, after 
which the agitator with which the autoclave was provided was 
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turned on. The autoclave was then further pressured with 
carbon monoxide to 28.4 atmospheres absolute, and the rate o£ 
reaction was determined by monitoring the amount of carbon 
monoxide consumed over a period of time while assuming that 
the ideal^gas law applied to carbon monoxide* Be action rate 
was determined from plots of carbon monoxide uptake versus 
time, the resulting data then being converted to the carbony^ 
lation reaction rate assixning ideal gas behavior for the 
carbon monoxide* Shis procedure was generally used in 
studying the effect of usinq as reaction stabilizer several 
iodide salts, some of which had organic cations. 

Using both the continuous pilot plant and also the batch 
reaction system as just described, it has now been determined 
that the interaction between water content, iodide salt, 
methyl acetate, and methyl iodide is as set forth in the 
following tabulation, in which there are set forth both a 
broad range and a preferred, or optimal, range for obtaining 
both catalyst stabilization and reaction rate enhancement. 
The "preferred** range is that which is preferred from the 
standpoint of optimal performance of the entire system 
including the primary product recovery system as explained 
hereinabove. It will be seen that the recommended concentra* 
tions are the same for both stabilization and also rate 
enhancement with one exception: the exception is that the 
"preferred*" range for methyl acetate is 0.5<^5 wt% for 
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catalyst stabilisation whereas it is 2-S wtft for optimal rate 
enhancement. Broadly, of coursCf this means that in either 
case a ranqe between 0.5 wt% and 5 wt% would be satisfactory, 
but that, depending upon whether it is catalyst stabilization 
or maximal rata enhancement that one aims to maximise in a 
given plant operating situation, the bottom end of the 
desired methyl acetate range is slightly higher when maximal 
rate enhancement is being sought. 

TABLE II 

stabilisation RATE EMHAMCEMENT 





Broad 
wt« 


Preferred 
irt% 

• 


Broad 
wtft 


Pre f err 
wt% 


B20 


- 0.1-20 


1-4 


0.1-20 


1-4 


Inorganic 
Iodide 
(as Lil) 


2-20 


10-20 


2-20 


10-20 


HeOAc 


0.5-30 


0.5-5 


0.5-30 


2-5 


Hel 


5-20 


14-16 


S-20 

■ 


14-16 


HO Ac 


Balance 


• 

Balance 


Balance - 


Balance 


Bh (ppm) 


200-1000 


300-600 


200-1000 


300-600 



10 reiterate what has been said hereinabove, it will be 
observed that, as compared with the practices of the prior 
art, the water content here is quite low, and the iodide salt 
content is quite high. The upper end of the recommended 
methyl acetate concentration is also higher than one can 
calculate as being present in a simulated commercial catalyst 
solution (BP00S5618). , 
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The Interrelationship between lithium iodide concentra- 
tion and water content in the reaction medium was investiqa- 
ted in a series of batch runs in which lithium iodide content 
in the reaction medium was varied between about 0.0 molar and 

5 about 1.5 molar (20 wt%) with 2 wt% water in the reaction 
medium, the results so obtained being compared with those 
obtained with 14 wt% water In the medium. Methyl Iodide 
concentration was 14 wt%, reaction temperature was 190*C, and 
rhodiun content of the reaction medium was 472 ppm. The 

0 Initial methyl acetate content was 27 wt% in these batch 
runs. In continuous operation It would be much lower, with 
14 wt% water, the space-time yield declined, as the lithium 
Iodide content declined, from about 20 moles per liter per 
hour at about 1.5 molar (20 wt%) lithium iodide concentration 

S down to about 12 to 13 moles per liter per hour with a 
lithium Iodide molar concentration of about 0.8 (11 wt%). 
There was some scatter of data points, and with no lithium 
Iodide at all, the space-time yield was Indicated to be about 
13. The curves of rate versus lithium Iodide concentration 

D were not as well defined at high water as at 2 wt% water. 
With 2 wt% water, the effect of lithium Iodide was 
pronounced. At around 0.2 molar (2.7 wt%) lithium Iodide, 
the space - time yield was 7 moles per liter per hour, and 
this Increased with lithium iodide Increase In a very nearly 

S linear fashion to a space- time yield of about 21 moles per 
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liter per hour when the lithium iodide concentration was 
about 1,5 molar (20 wt%). Ihus, by increasing lithium iodide 
content it was possible to obtain substantially the same 
space-time yield at 2 wt% water as at 14 wt% water with a 
5 pronounced resulting enhancement of the ability of the plant 
to operate under desirable conditions of low water content. 

The interrelation between methyl acetate and lithium 
iodide content was Investigated in three sets of batch runs 
in which, at a constant lithium iodide content in each case, 
10 the methyl acetate content of the reaction medium was varied 
from 0 to a maximum of about 3.0 molar (33 wt%}. in all 
cases the methyl iodide content was 14 wt%, the water content 
• was 2 wt%, the temperature was 190"C, and the rhodium content 
was 236 ppm. When the lithium iodide content was 0.17 molar 
IS (2.5 wt%), the space-time yield Increased gradually from 0 
when no methyl acetate was present up to about 7 moles per 
liter per hour when the methyl acetate content was about 26 
wt%. Plotted on rectangular coordinates, the curve was 
gently convex upward, when the lithium iodide content was 
20 1.5 molar (20 wt%), the space-time yield increased from 0 

when the methyl acetate was 0 to about 14 moles per liter per 
hour when the methyl acetate content was about 33 wt%. That 
is, when the methyl acetate was about 33 wtft, the use of 1.5 
molar (20 wt%) lithium iodide multiplied the space-time yield 
25 by a factor of about 2 as coinpared with conditions obtained 
when using 0.17 molar (2.5 wt%) lithium iodide. 
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Another series o£ runs was carried out to investigate 
the differences, if any, between lithium iodide (a represent 
tative metal iodide salt) and N-methylpicolinium iodide 
(NHPI), a representative salt having an organic cation. NUPI 
is formed by quatemiaing 3-picoline with methyl iodide. The 
reaction vedium contained the BHPI, 2 wt% water, 14.4 wt% 
free aethyl iodide, 27 wt* methyl acetate, and the balance 
acetic acid. It also contained 472 ppm of rhodium. Beactibn 
ten^erature was 190*C. Over a concentration range of either 
lithium iodide or NMPI ranging from about 0.2 molar to about 
0.8 molar, a plot of reaction space-time yield against the 
molar concentration of either the lithium iodide or the NHPI 
showed that, within the limits of experimental error, there 
was no difference in space-time yield obtained at a given 
molar concentration of lithium iodide as compared with the 
same concentration of IIMPI. it will be recognized that it is 
the concentration of iodide ion that Is the controlling 
factor, and that at a given molar concentration of iodide the 
nature of the cation is not as significant as the effect of 
the iodide concentration. Any metal iodide salt, or any 
iodide salt of an organic cation, can be used provided that 
the salt is sufficiently soluble in the reaction medium to 
provide the desired level of the stabilizing iodide. The 
iodide salt can be a quaternary salt of an orgemie cation or 
the iodide salt of an inorganic cation, preferably it ia an 
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iodide salt of a fflembec of the group consisting of the metals 
of Group la and Group lia of the periodic table as set forth 
in the 'Handbook of Chemistry and Physics" published by CRC 
Press, Cleveland, Ohio, 1975-76 (56th edition). In 
5 particular, alkali metal iodides are useful, with lithium 
iodide being preferred. 

EXAMPLE 1 

The following run was carried out in continuously- 

■ 

operating apparatus con^rising a stirred reactor from which 

10 the product was dra%m off continuously for %forkup in 
the manner previously described hereinabove. The 
carbonylation reactor contained approximately 1800 ml of 
liquid reaction medium, measured at ambient ten^erature in 
the bubble-free state. Its contents were analyzed period!- 

1 5 cally throughout the run, and these analyses were en^loyed to 
control the flows of the several streams enterinq the reactor 
in such a manner as to maintain in the liquid reaction medium 
about 13 to 16 wt% methyl iodide, 4 to S wt% methyl acetate, 
19 to 19,5 wt% lithium iodide, 4 to 5 wt % water, and 310 to 

20 335 ppn of rhodium. The balance of the reaction medium was 
acetic acid. Before starting the run, the carbonylation 
reactor had been initially charged with a mixture of about 16 
wt% water, 12 wt% methyl iodide, 0.7 wt% methyl acetate, and 
the balance acetic acid, the total mixture containing about 

25 400 ppn of rhodiim in the form of a rhodium carbonyl iodide ' 
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coflipoand* The rhodium compound can be prepared by diasolving 
rhodium triiodide in acetic acid containing 15-20 wt% water 
at about .110*C while sparging carbon monoxide through the 
mixture at a pressure of about one atmosphere absolute or 
5 higher* 

During operation the reactor teinperature was maintained 
between about 189'C and 19fC. The pressure was maintained 

m 

at about 28 atmospheres absolute. Carbon monoxide was 
continuously introduced through a sparger situated below the 

10 agitator blades, and a continuous vent o£ gas was drawn off 
from the top of the vapor space contained in the upper part 
of the reactor at about 15 liters per hour (ambient tempera- 
ture and pressure). The carbon monoxide partial pressure in 
the reactor head space was maintained at about 13 atmospheres 

IS absolute. 

■ 

By means of a level control sensing the liquid level 

■ 

within the reactor, liquid reaction product was continuously 
drawn off and fed onto the tray of a single-tray flasher 
operating at a head pressure of about 2.4 atmospheres abso- 
20 lute. Of the liquid fed into the flasher, approximately 35% 
was distilled overhead for further redistillation in the 

■ 

methyl iodide-acetic acid splitter column while the remainder 
was drawn frc» the base of the column and returned to the 
carbonylation reactor. This stream comprised predominantly 
25 acetic acid and contained the catalyst. 
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Ih. ..thjrl loaiae..c«ic .cla ,putt.r colu»n «,nt.l„«j 
M trays, .Ith th. o„rh.«j £ro„ ih. n..h.r Ju,t d„erib.d 
b.lng introduce onto th. I5th t«y fro- tb. botto.. This 
splitter coluTO operafd .t . h.«J pr«.ur. of 1 aaos- 
5 Ph'^'^wlut. Md Kith, reflux ratio bfl.t. Of th. feed 
initially introduoM Into thi. col™, approximately «o% ,a. 
t.k.n o«rh.«l and «8 recycled to th. carbonylatlon 



Dili atraam eontaln«d pr«Io«tnantly iiethyl lodld. 
and l„s.r ,«antltl„ of „thyl acet.t.. Such «thyl lodld. 
10 «k.„p .B „e n.c.„ary to maintain th. dwired .ethyl lodld. 
content In th. carbonylatlon r.aotor «a Introdao*! Into thl, 
r.o,ell„, .tr... bafore It .a. r.t„n.d to th. o«rbonyl.tion 
reactor. Ih. rat. of methyl Iodide Introduction wa. aet by' 
periodic .nalya« of th. v.nt .tr.«,a i..,i„, the reactor and 
'S the flaaher. .noujh ..tbyl iodide b.lng Introduced to make up 
tor theae procea. lo..... i.trodoeed Into thl. atream 

Juat before entering th. carbonylatlon reactor aufflclent 
methanol to maintain th. d.,ir.d «.thyl acetat. contont In 
th. r.actor liquid medium. (Matham,! i. conv.rt.d almo.t 
20 immediately to methyl acetate upon entering th. r..ctot) . 
such water aa ... „eed«I to maintain th. d.,lr.d v.t.r 
co«t.nt in th. r..ctor »a. ,l.o Introducd with thl, methyl 
iodide recycle stream. 

Preferably, water re««.r.d In any of the diatlllate 
25 .tre«.a la r.cyel«> to th, reactor, thar. I. „ry uttl. • 
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consumption o£ water In the reaction. If a water phase forms 
at any point in the product-recovery system, it will probably 
contain methyl iodide # which ehould be returned to the 



5 The residue stream from the methyl iodide-acetic acid 

splitter col win was drawn off as the crude acetic acid 
product, to be purified further as desired by conventional 
methods outside the scope of the present invention. As 
previously explained, a primary object of the operation was 

10 to produce a crude acetic acid at this point containing only 
a small amount of water. 

With the system operating as just described, the STY of 
acetic acid in the crude acetic acid product drawn from the 
base of the methyl iodide-acetic acid splitter was approxiroa^ 

IS tely 14 gram-moles of acetic acid (calculated as pure acetic 
acid) per hour per liter of liqpiid reaction medium 
contained in the carbonylation reactor, the volume of said 
liquid reaction medium being measured at ambient temperature. 
The water content of the crude acetic acid was approximately 

20 4 to 7 wt%. This is to be compared with a water content of 
20 to 25 wt% and an ST7 of 13 with the same rhodium 
concentration where, in accordance with the usual practice of 
the prior art, the carbonylation reactor was operated with a 
water content of approximately 15 wt% in the reaction 

25 medium. 
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As indicated by periodic analyses of the contents of the 
earbonylation reactor, there was very little precipitation of 
catalyst frow the reaction medium in the flasher column and 
in the transfer lines recycling the catalyst solution from 
this column back to the earbonylation reactorr although our 
experience with solutions without iodide salts as in the 
prior art would have led one to predict a serious catalyst- 
loss problem. 

When using other iodide salts, the controlling factor is 
0 the concentration of iodide moiety supplied by whatever salt 
is en5)lpyed. That is, the beneficial results obtained with a 
given concentration of lithium iodide will also be obtained 
with other iodide salts when they are used in a concentration 
such that the molar equivalent iodide concentration is the 
5 same as that obtaining with a given lithium iodide eoneentra- 
tlon known to be effective. 

An unexpected effect of operating the reaction system by 
the low-water method just described is also that there is a 
great reduction (by an order of magnitude) in the rate of 
formation of by-product propionic acid, the presence of which 
in the product acetic acid is objectionable for several 
reasons. Again as compared with the relatively high-water 
operating conditions of the prior art, there is a substantial 
reduction in the rate of formation of hydrogen and carbon 
dioxide, which, of course, are undesirable reaction products.* 
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These are formed by the water-gas shift reaction from carbon 
monoxide and water. Oie following tabulation con^ares yields 
of propionic acid (BOPr) , carbon dioxide, and hydrogen 
obtained at the above conditions of 4 to 5 wt% water with 
5 those obtained using 14 to 15 wtft water in the reaction 
system characteristic of the prior art (no iodide salt). 
Methyl acetate content of the reaction mediixh was about 1 wt% 
in the high water medium and about 4 wt% in the low water 
system. 



Be actor 
-Sa2_ 



CO, Make 

(Moles coyioo 

moles HOAc) 



14-15% 2.3 

(No iodide 
salt) 

4-5% 0 .2 

(Iodide salt 
as described 
above) 



TABLE III 

B, Hake 
(Holes B 2/1 00 
moles BOAel 

1.9 



BOPr 
1435(1) 



Acetic Acid 
%Yield Based 
on MEOH 

99(2) 



0.1 



91(1) 



99(2) 



(1) In acid product Iron base of Hel-BOAc splitter. 

(2) A^roximate, within experimental margin of error 
As calculated, yield was slightly higher in the 
*low water" case. 

EXAMPLE 2 

other iodide salts are as efficacious as lithium iodide 
at the same iodide moiety concentration in the reaction 
median. For example, in the continuous reaction system 
described in Example 1 a run was made in which the iodide 
salt was sodium iodide. Operating in the same manner as 
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described with lithium iodide in Example 1, but with the 
iodide concentration being reduced because of the limited 
Bolubility of sodium iodide as compared with lithium it^dide, 
the run was made under conditions as set forth in Table iv 
5 below. The reaction medium was as tabulated below, with 
acetic acid making up the balance in each tabulated case. 

The results as tabulated show that, at the same concen- 
tration of iodide moiety, sodium iodide gave results as good 
as those obtained with lithium iodide. Specifically, within 
10 the indicated limits of accuracy, results were Identical. 
When using the higher water concentration characteristic of 
the prior art but with no iodide salt, the acetic acid space- 
t^e yield was slightly higher, but it is to be kept in mind 
that this was at the expense of having to work in the 
IS recovery system with a crude reaction medium containing 14 
wt% water instead of 4 wt%. it is also to be kept in mind 
that in actual application of the present invention the 
iodide concentration would have preferably been higher than 
the indicated 9.4 wt%, which was the maximum concentration 
20 which could be used in the present Example in order to main- 
tain comparability with sodium iodide, the solubility 
characteristics of which precluded using the higher 
concentrations which would actually be preferred. 



* 
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TABLE ZV 



Promoter/Stabiliser 
Ibdlde Salt ^1 Lll 

Inorganic lodida (wt%) 9.5 9.4 

m 

Tenp«catare (*C) 190 190 

Watecr (vt%) 4.0 4.0 

Methyl iodide (wt«) 12.2 12.1 

Methyl Acetate (wt%) 3.1 3.1 

Rhodiun (psm) 400 400 

Acetic Acid STY 
(mol/l-hr) 14.3 12.7 

Carbon Dioxide STZ 
(mol/l«hr) 0.39 0.35 

Propionic Hake Rate 

(Ib8/NM lbs acetic acid) ISO 109 

Rhodium loss, (ppm/hr) 0.7S 0.73 

The effect o£ using a variety of iodide salts is set 
forth in Table V below. These data are all from runs which 
were carried out in the batch autoclave operated in the 
manner previously described. These data indicate that other 
iodide salts have a rate acceleration (promoting) action as 
well as does lithiian iodide. Figure 9 shows stabilizing 
action of several specific iodides. Bowever, many of these 
do not have a very high solubility when the reaction medium 
is cooled much below normal operating temperature. Lithium 
iodide continues to be preferred because of its superior 
solubility characteristics. 
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Rats of Methanol Cartaonylation Vith Various Zodlda Sources 

Batch Autoclave 

Cbarget 19 V«l Meir 472 ppm Rh, 27 vtt HeQAc , 0.75 M z' (equlv. to I0wt« 

28.2 attt. cb*., 190*C 

Salt 2 wt% BjO 4-5 wtt EjO Conments 



2 



2 



Nil 



7.0 



Colj 12.6 
SbZj 



1.3 



MnZj 8.9 



EQffZ 10.1 



(Bt) (Ph) 8.9 



no salt 3.0 10.9 

12.2 14.8 Soluble 

»*I 8.8 • soluble 

^ U«2 13.2 partially soluble 

RbZ 

CsZ 



^•3 poor Sfllubili^ 

insoluble 



.10.7 12.7 partially soluble 

2 17.2 soluble 



soluble 



11-2 15 . 9 soluble 



soluble 
insoluble 



2 S'l 11*5 soluble 



soluble 



2 ^-^ 13 • 5 partially soluble 

^*^3 16.7 partially soluble 



2 3.5 insoluble 



soluble 



soluble 



(Ph) (CHgjgN+Z- 6.1 partially soluble 

Btt^S^Z- 7.1 • soluble 



soluble 

4 I" 4.67 insoluble 



31 



0161874 



It will be understood that the £oregoing Examples are 
given merely by way of iXlustrBtlon and fchat many departures 
can be made therefrom within the scope of the invention. In 
particular it will be understood that the heart of the inven- 
5 tion lies in controlling the carbonylation reactor itself so 
as to produce a product mixture having a low water content as 
compared with the prior art while avoiding losses in reactor 
productivity* ihe product-recovery system exemplified above 
is one which, while industrially applicable, was especially 

* 

10 selected for ease of control while studying and demonstrating 
the invention. It will be c^ious to those skilled in 
distillation that, to divide the drawn-o£f carbonylation 
reaction medium into a recycle catalyst streamr a crude 
acetic acid product streamr and a recycle or recycles compri- 

15 sing methyl iodide and methyl acetate, many alternatives are 
easily foreseable among which the process designer can select 
what he views as the optimum for reliable and economical 
operation in his own circumstances. 

The drawings Figures 1-25 describe the interaction of 

20 the several process parameters the manipulations of which is 
important in the practice of the present invention. Some of 
these figures set forth the results of runs carried out in 
the batch autoclave (operation previously described herein) , 
some present the results of runs carried out in the 

25 continuous pilot plant unit (operation also described 
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previously herein) , and some are based on results obtained in 
a batch-operated ^lass vessel which was designed specifically 
to study catalyst stability. This vessel was actually 
composed of two side-by-side vessels fabricated from glass 
5 pipe and designed to operate at pressures not to exceed about 
2 atmospheres gauge pressure at 150'C. Ito conduct a run, 
each of the glass vessels was initially charged with the 
desired weight of rhodium (ad salts like Rhlg), HI, acetic 
acid, water, and stabilizer. Both vessels were then pres- 
0 surized to about 1.8 atmospheres gauge with carbon monoxide 
and heated in an oil bath to 130-C or 150'C in order to 
dissolve the rhodium. Carbon monoxide was then bubbled into 
the solution at 47 ml per minute through a gas-inlet tube 
while the desired constant pressure was maintained by a back- 
5 pressure regulator system. After one hour, the carbon 

monoxide was replaced by nitrogen and the total pressure was 
reduced to about 1 atmosphere gauge. This was considered the 
initial time of the stability experiment. Samples were 
removed through a sampling port, centrifuged for 5-10 
) minutes, and the clear centrifugate analyzed for soluble 
rhodium content. 

Turning now to the information set forth in the drawings 
and considering the drawings in numerical orderi 

Figures 1 through 9 show the results of batch experi- 
ments. Figure 1 illustrates that reducing the water content * 
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o£ the reaction ay stem does reduce the reaction space- tine 
yield, but that with high lithiun iodide in the reaction 
medium along with high methyl acetate and methyl iodide, good 
carbonylation rates can be obtained at surprisingly low water 
5 concentrations. It also shows the agreement of data obtained 
In batch autoclave and the continuous unit. Figure 2 illus- 
trates that space-time yield increases with increasing 
lithium iodide concentration. Although there is some scatter 
in the data especially at high water concentrationv it is - 

m 

10 also indicated that increasing the lithium iodide concentra- 
tion mitigates what would otherwise be the adverse effect on 
reaction rate of reducing the water .concentration. Cte 
effect of iodide at low water. (2 wt%) is very well defined 
and impressive* 

15 Figure 3 demonstrates that the methyl acetate concentrar 

tion is a significant factor and that it is inter-related 
with the en^loyment of the lithium iodide stablizer. Both 
with and without lithium iodide being present^ increasing the 
methyl acetate concentration up to somewhat leas than 10 wt% 

20 Increases the space-time yield, but with 20% lithium iodide 
being in the reaction medium the space- time yield at a given 
methyl acetate concentration is roughly double that observed 
when the lithium iodide Is not present even at lower water 
concentration • 
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Pigare 4 illustrates the significance of methyl iodide 
concentration in the reaction medium with varying lithium 
iodide concentration. With no lithium iodide, space-time 
yield increases with increasing methyl iodide concentration 

5 but the 8pac»-time yields are relatively low. With 2.S wt% 
lithium iodide in the mixture the space-time yields are 
higher than with none, still, however, showing a methyl 
iodide dependency, with 11 wt% lithium iodide the space-time 
yields are even higher, still showing an increase with 

0 increasing methyl iodide. 

Figure 5 demonstrates, not surprisingly, that the space- 
time yield increases with increasing rhodium concentration in 
the reaction medium. It is further demonstrated, however, 
that results are poorest when there is no lithium iodide 

e 

5 present, better when there Is 2.5 wt% lithium iodide, and 
(within the range illustrated here) best when the lithium 
iodide concentration is 14 wtt* 

Figure 6 Illustrates that increasing water in the 
reaction medium decreases the rate of rhodium catalyst 

I) precipitation. Also illustrated in Figure 6, an Increase In 
iodide moiety by adding lithium Iodide reduces the rate of 
rhodium precipitation out of the reaction medium at a given 
hydrogen iodide and water concentration. Figure 7 
illustrates the stabilizing effect of lithium iodide at low 

J (3 wt%) water concentration and at tiro teinperatures (130"C ' 
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and 150'C). At the lo»er tenperature, roughly 6 wtl lithium 
iodide results in catalyst stability as good as that obtained 
when usinq a reaction medium containing 15 wt% water and 
needing no stabllser. At the higher temperature, about IS 
5 wt% lithium Iodide la adequate. In Figure 8 It Is demon- 
strated thatr In the absence of lithium Iodide, very little 
rhodium remains In solution after 8 hours or less In a 
reaction medium of the composition described. 

Figure 9, based on data obtained In the batch autoclave, 
0 Illustrates that It Is the hallde (in this case Iodide) 
moiety which Is the significant factor In stabilizing the 
reaction catalyst. Note especially, for example, that at 
about 0.28 molar concentration of iodide the (low) rhodium 
loss pet hour Is essentially the same regardless of the 
5 source of the Iodide. 

Figure 10, as well as Figures 11-25, presents data taken 
from the continuous unit the operation of which has been 
previously described. Figure 10 Itself Illustrates that 
high lithium Iodide together with high methyl acetate 
counteracts the deleterious effects on space- time yield of 
reducing the water concentration In the reaction medium. It 
will be seen that with 16 to 21 wt% lithium Iodide and 4 wt% 
methyl acetate the space-time yields obtainable at 2 wt% 
water in the reaction medium are almost as good as those 
obtained at higher water concentrations of around, for 
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exanple, 10 wt« with 1 wt% methyl acetate and 0**2.5 wt% 
lithium Iodide. It should be explained, lncldentall3r» that 
for data points at 4 wt% methyl acetate conditions set out in 
Figure 10 there is a range o€ lithium iodide concentration. 

■ 

5 This is due to the fact that the steady state lithium iodide 
content is determined by an equilibrium between lithium 
iodide and lithium acetate which is affected by the change in 
reactor water and methyl acetate content. This will be shown 
later (Figure 20} • This is also true for similar figures to 
1 0 follow. 

Figure 11 illustrates that the reaction rate is' 
dependent on water concentration even at high concentrations 
of lithium iodide » but that at about 1 wt% water the use of 

m 

high lithium iodide brings the reaction rate up to about 10 
15 to 12 moles per liter- hour and that above about 2 wt% water 
the use of high lithium iodide brings about space^time yields 
almost as high as those obtained at B wt% water and higher 
(Figure 10) • 

Figures 12 and 13 describe the effect of increasing 
20 lithium iodide concentration in increasing the space-time 
yield of acetic acid at two levels of methyl acetate in the 
reaction medium* These data, which are from the continuous 
unit, can be read in conjunction with Figure 2, which 
presents data from the batch autoclave. 
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The effect of lithium iodide on the rate of methanol 
carbonylation under conditions o£ high water (8 wt%) and low 
methyl acetate (1 wt%} concentration as shown in Figure 13 
would appear to be relatively small in the range of 0-20 wt% 
5 lithium iodide (ca, 18% rate increase) when compared with 
Figure 12 and also with Figure 2 (batch). The differences 
are mainly due to the different methyl acetate and water 
concentrations used in the runs in the different figures. 
The higher the methyl acetate and the lower the water concen- 
10 tration the higher is the effect of lithiua iodide on the 
rate. Because lithium iodide, stabilizes the Rh catalyst, it 
becomes possible to decrease the reactor water concentration 
in order to increase throughput in the purification train. 
Also if the water concentration is decreased in conjunction 
15 with increasing the methyl acetate concentration, a signi- 
ficant rate enhancement due to lithium iodide is observed as 
shown in Figure 12 (4 wt% water, 4 wt% methyl acetate, 0-21 
wt% lithium iodide; 23-50% rate increase from 0-21 wt% 
lithium iodide) and in Figure 2 (2-8 wt% water, 27 wt% methyl 
20 acetate and 2-20% lithium iodide, 200% rate increase from 2- 
20 wt% lithium iodide). Therefore, lithium iodide addition 

« 

makes possible operation in a new concentration range of low 
water and high methyl acetate (Figure 10), heretofore 
impossible because of low rates and severe catalyst 
25 instability. Further evidence for rate enhancement due to 
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lithium iodide is given in Figure 2 which shows that the 
lower the water concentration and the higher the methyl 

• * 

acetate concentration the greater the rate-enhancing e££ect 
of lithiun iodide. 

5 The effect of methyl acetate (in the presence of high 

lithiun iodide concentrations) on the acetic acid space-tine 
yield is shown in Figures 14 and 15. In both cases the 
effect of adding methyl acetate is beneficial up to a level 
of about 4 to 5 wt%, after which the effect levels off or 

0 (Figure 15) declines slightly. Between 0 and about 3 wt%, 
the beneficial effect of adding methyl acetate is marked. 
Osing 20 wt% lithium iodide is seen to be more beneficial 
than using 10 wtt, and space- time yield is somewhat better 

a 

with 8 wt% water as compared with 4 wt%. 

5 Figures 16 and 17 show that the acetic and space- time 

yield increases when increasing methyl iodide concentration 

respectively r as expected. 
Figure 18 illustrates the effect of lithium iodide, 
methyl acetate, and water on the (undesired) formation of 

) carbon dioxide as a reaction by-product, when using 16 to 
21 wt% lithium iodide and 4 wtft methyl acetate the generation 
of carbon dioxide is much lower than when using 0 to 2,5 wt% 
lithium iodide and only 1 wt% methyl acetate. It is also- to 
be noted that reducing the water content with a given 
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reaction medium has the effect of reducing the rate o£ forma- 
tion of carbon dioxide. Reducing carbon dioxide formation in 
this manner, by using the lithium iodide or equivalent 
stabilizers of the present invention, is another unexpected 

5 result of operating In the loir-water reaction medium the use 
of which la made possible by employing these stabilizers. 
Figures 19, 20, 21, and 22 further show the individual 
effects of lithium iodide, methyl acetate, and methyl Iodide 
at low water concentration (4 to 8 wt% ) on the formation of 

0 carbon dioxide. Figure 20 also shows the equilibrium concen- 
tration of hydrogen Iodide at various lithium iodide 
concentrations* 

Figure 23 deals with the equilibrium existing In the 
reaction medium between lithium iodide and lithium acetate: 
5 Lll M«nto ^ LlOAe * Hel 

with decreasing water content the lithium acetate content of 

■ 

the reaction medium increases, this effect being qreater when 
12 ift% methyl acetate is present as compared with 4 wt«« 
This equilibration between lithium iodide and litbitsn acetate 

D which is dependent on the water concentration of the reaction 
medium has been found, incidentally, to have no adverse 
effect on the behavior of the catalyst system. As a matter 
of fact this equilibrium will allow the increasinq of the 
lithium iodide concentration of the reaction medium by 

S addinq, if desired, lithium acetate or other lithium salts. 
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Because of this equillbrlian one cannot distinguish the effect 
of lithium iodide from that of lithium acetate on the reac- 
tion rate and it is possible that both the lithium iodide and 
lithium acetate increase the reaction rate, especially with 
catalyst solutions with low water concentration. However, 
the important fact is that adding either lithium acetate or 
lithium iodide one obtains eventually the same equilibrium 
mixture of both salts in solution. 

Figures 24 and 25 depict the results of studies of 
rhodium loss from the reaction medium in the continuous unit. 
Figure 24 demonstrating that increasing the lithium iodide 
concentration greatly reduces rhodium loss at varying water 
concentrations and at two different methyl acetate concentrar 
tions while Figure 25 demonstrates that at higher water 
concentrations there is less rhodium loss and also that going 
to the relatively high methyl acetate concentration of 12 wt% 
increases rhodium loss as compared with using 4 wt% methyl 
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CLAIMS 



1. A process for producing a carboxyllc acid by reacting 
an alcohol having one less carbon atom than the acid with 
carbon monoxide in a liquid reaction medium containing a 
rhodium catalyst, characterized in that there are maintained 
in the reaction medium during the course of the reaction at 
least a finite quantity of water together with effective 
amounts of (a) a catalyst stabilizer selected from iodide 
salts which are soluble in effective concentration in th^ 
reaction medium at the reaction temperature, (b) the iodide 
derivative of a hydrocarbon corre^ondlng to the alcohol, 
and (c) the ester of the alcohol with the carboxyllc acid. 

2. The process of claim 1 wherein the iodide salt is an 
iodide salt of a metal selected fxrom 6roi4>s la and Ila or 
a quaternary iodide salt. 

3. The process of claim 2 wherein the Iodide salt is an 
alkaai metal iodide. 

4. The process of claim 2 wherein the iodide salt Is 
lithltmi iodide. 

5. The process of any of claims 1-4 irtiereln the carboxyllc 
acid is acetic acid, the alcohol is methanol, the ester is 
methyl acetate and the iodide derivative Is methyl iodide. 

6. *The process of claim 5 wherein the water content of the 
reaction medium is maintained at from 0.1 wtJJ to 20 wtjS, the 
lithium iodide content from 2 vtft to 20 wtj6, the methyl 
acetate content from 0.5 wt% to 30 wt%, and the methyl iodide 
content from 5 vt% to 20 wtjg with the balance consisting 
esentially of acetic acid. 

7. The process of claim 6 wherein there is maintained in 
the reaction medium 1 to 4 wtjS water, 10 to 20 wtjt lithixim 
iodide and 14 to 16 wt% methyl iodide. 

8. The process of claim 7 wherein there is maintained in 
the reaction medlxam 2 to 5 irtjt methyl acetate. 
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9. The process of any of claims 1-8 wherein the rhodium 
catalyst is maintained in a concentration of 200 ppm to 
1000 ppm calculated as rhodium. 
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FIG.4 

Hel Depandenca for Methanol Carbonylation - Batch Autoclave 
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FIG. 7 

Rate of Rh Precipitation in the Presence of Lil 
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